IT is now well established that the plasma lactic dehydrogenase (PLDH) activity is raised in animals bearing a variety of spontaneous or transplanted tumours, and in tumour-bearing patients (e.g. Hill and Levi, 1954; Hsieh, Suntzeff and Cowdry, 1956; Manso, Sugiura and Wroblewski, 1958; Wroblewski, 1959; Hill and Jordan, 1957) . Riley and Wroblewski (1960) have also shown that PLDH rises and falls in mice during tumour growth and regression respectively. Recently Riley, Lilly, Huerto and Bardell (1960) showed that plasma taken from tumour-bearing mice, when injected into normal mice, induced a rapid and prolonged rise in PLDH to 5-10 times the normal level, beginning within two days and lasting for at least 70 days. This effect on PLDH activity was serially transmissable by mouse plasma, and the responsible agent passed a bacteria-proof filter. According to these authors mice bearing a wide variety of transplantable tumours, and mice in which leukaemia had been induced by the Friend or Moloney viruses, gave similar results. Apart from the intrinsic interest of these observations, the possibility that PLDH levels might prove a sensitive early assay for the presence of leukaemogenic and tumour-producing viruses induced us to take up the problem.
PLAZSMATA LACTIC DEHYDROGxEN.ASE ACTIVITY Spleen, thvnmus, and lymph nodes of leukaenic imice were pressed throughl a nylon mesli (22 threads cm.) into isotonic sodiumn chloride soluition, and the resulting suspensions injected intraperitoneallv.
Ascitic fluids were also injected intraperitoneally.
Vir-us preparation8.-Molonev s leukaemogenic v-iruis was originally derived from S37 (MIolonev, 1960) . A lvophilysed preparation of this agent was kind1l
given to u1s byr Dr In this and subsequent figures curves are drawn through the average values for each group of mice (six per group except where otherwise stated). Where the scale permits, individual points represent the values for each mouse.
Ordinates: Plasma lactic dehydrogenase activity (BB units x 10-3).
Abscissae: Days.
Transplantation of spontaneous and virus-induced leulcaemias When a suspension of lymphatic tissue from a spontaneously leukaemic AKR mouse was injected intraperitoneally the result depended on the type of recipient mouse. AKR mice, in which the leukaemic cells grew, showed no change in PLDH activity until about the 6th day, but then there was a continuous rise up to a level of 40,000 units by the 12th day ( Fig. ib) , which accompanied the development of leukaemia. Stock albinos, in which the leukaenic cells did not grow, showed no change in PLDH activity (Fig. ib ).
An essentially similar result was obtained when a lymphatic tissue suspension from a CBA mouse in which leukaemia had been induced by TOP Moloney virus was inoculated into CBA mice ( (a) Sarcoma 37 into stock albinos. (Fig. lc) . Ordinates: Plasma lactic dehydrogenase activity (BB units x 1O-3).
Inoculation of viruses (a) Moloney virus.-The original sample obtained from Dr. Moloney, when injected into adult stock albinos, produced a rapid rise in PLDH (Fig. 2a) . But after one, or three, passages through tissue cultures, injection produced no early change in PLDH activity (Fig. 2b) .
In order to follow PLDH activity during leukaemogenesis by Moloney virus, newborn mice were used. Eleven stock albinos less than 24 hours old were injected with TCP virus, and their PLDH measured at intervals after weaning. No rise was detected until they were 8 weeks old, when two showed a definitely raised level. At this time all appeared healthy, but two weeks later these two, and three others, became obviously leukaemic. Thus in the development of leukaemia due to Moloney virus, as in that of transplanted leukaemia, a rise in PLDH only slightly antedates visible signs of disease.
(b) Polyoma viru8.-Though mice which had been inoculated in infancy with polyoma virus, and bore large parotid tumours, had a high PLDH activity, injection of the virus into adult mice (with no haemaglutination-inhibiting antibodies in their serum) did not produce a rise in PLDH.
Detection of a transmissable agent which causes a rapid rise in PLDH activity
The fact that inoculation of S37 (the strain maintained in this laboratory) and of Moloney virus (the sample obtained from Dr. Moloney, and derived by him Ordinates: Plasma lactic dehydrogenase activity (BB units x 10-3). Abscissae: Days.
from his strain of S37) both induced a rapid rise in PLDH similar to that reported by Riley et al. (1960) suggested that the transmissable agent which they described was present in these inocula.
Plasma from S37-bearing mice when injected into stock albinos produced a rise of PLDH within 48 hours, and the level remained high (3000-4000 units) thereafter (Fig. 3a) . The curve is similar to the first part of the biphasic response to inoculation of S37 tissue (i.e. before tumour growth is palpable) (Fig. la) .
Plasma from the inoculated mice in turn produced a similar effect on passage to other mice (Fig. 3b shows the 3rd passage) .
Plasma of mice inoculated with the original sample of Moloney virus, when injected into other mice, also produced a rapid rise in PLDH (Fig. 3c) .
Plasma of mice inoculated with AKR spontaneous leukaemic tissue suspension produced no change in PLDH activity of mice into which it was injected. The combined effect of inoculation of Riley agent and leukaemic cell8
An experiment was designed to discover whether the early and sustained rise.in PLDH due to the transmissible virus obtained from S37 and the later rise in PLDH due to the growth,, of neoplastic, tissue were additive phenomena or not.
Of three groups of 6 AKR mice, one was inoculated with plasma from Riley agentinfected mice, one with AKR leukaemic cells, and a third with both plasma and cells. The PLDH levels of each group are shown in Fig. 4 . For about the first 7 days the level in the doubly-inoculated group is approximately the sum of the levels in the other two groups, but later there is a suggestion of synergic action, for the PLDH level in the doubly-inoculated group is much higher than would be expected if the two factors were working independently.
DISCUSSION
The biphasic rise in PLDH (Fig. la) following the inoculation of S37 is similar to that reported by Riley and Wroblewski (1960) following the injection of Ehrlich carcinoma cells. The presence in the plasma of S37-bearing mice of a transmissible agent capable of reproducing the first part of the curve is in agreement with the report of Riley et al. (1960) , who were able to demonstrate the presence of an "enzyme-elevating" agent in the blood of mice bearing various transplanted tumours, and of eight mice with spontaneous mammary carcinomata (presence of Bittner agent not stated). However, in the present study, plasma of mice with spontaneous leukaemia, or leukaemia due to tissue culturepassaged Moloney virus infection, were not found to carry a virus of the Riley type. The original freeze-dried preparation of Moloney virus obtained from Dr.
Moloney contained such an agent, but it was lost after tissue culture passage ( Fig. 2a and 2b) , while the leukaemogenic potency appeared actually increased by this process (Salaman, Rowson and Harvey, 1961) .
It is clear from this result, as from that of injecting AKR leukaemic cells, that simple measurements of PLDH levels will not serve as an early indication of infection by leukaemogenic viruses.
Since the transplantation of a tumour inevitably involves the passage of some plasma it is not possible to say at present whether, in those cases where transplantation is followed by an early rise in PLDH, the Riley virus is actually carried in the tumour cells. Since a spontaneous leukaemia, when inoculated into mice, did not produce this early effect, it is evident that the Riley virus does not invariably accompany neoplastic tissue. PLDH levels in AKR mice inoculated with both Riley virus and tissue suspensions from spontaneous AKR leukaemia were approximately the sum of those in mice inoculated with each separately, for the first week. Later the effect of the combined inocula rose to more than double that of the sum of the effects of each. This synergism suggests prima facie a linked activity. Further study of this phenomenon will include an attempt to discover the site of origin of the PLDH which each agent releases. The possibilities that the Riley agent accelerates the growth of tumours or of leukaemia, or increases the rate of loss of enzyme from neoplastic cells, will be considered.
It is a remarkable fact that PLDH level once elevated by injection of Riley virus, remains elevated for many months, and perhaps for life. No less remarkable is that the virus is demonstrable in the plasma for similar periods.
Apart from their intrinsic interest these observations throw a warning light on the field of study of tumour-host relations. It is possible that some effects on the host now ascribed to tumour growth could be due to passage of viruses along with tumour inocula. SUMMARY 1. Inoculation into mice of the homologously transplantable tumours S37 and S180 resulted in an early rise in plasma lactic dehydrogenase (PLDH) activity, followed by a further rise during the period of visible growth. Plasma from these mice transmitted the early effect on PLDH activity to other mice in series.
2. Inoculation into AKR mice of lymphatic tissue suspensions from spontaneous AKR leukaemia resulted in a rise in PLDH at the time of development of clinical leukaemia. In stock albino mice these suspensions produced no change in PLDH activity, and no leukaemia.
3. A preparation of Moloney virus (derived from S37 by Dr. Moloney, and obtained from him) produced an early rise in PLDH on injection into adult mice, similar to that produced by suspensions of S37.
4. Moloney virus after passage through mouse enbryo tissue cultures (TCP) had lost its power of rapidly raising PLDH, but retained its leukaemogenic activity.
5. Mice injected when newborn with TCP Moloney virus showed no rise in PLDH until shortly before the appearance of clinical leukaemia. Plasma of the leukaemic mice did not produce a rise of PLDH on injection.
6. Polyoma virus injected into polyoma-free adult mice, did not alter PLDH activity, but mice bearing large polyoma-induced parotid tumours had high PLDH levels.
7. The PLDH levels of AKR mice inoculated with both tissue suspensions from spontaneous AKR leukaemia and plasma from an S37-bearing mouse rose to more than twice the sum of the levels attained by the PLDH in mice inoculated with each separately.
8. It is concluded that: (a) a transmissible agent which causes a rapid and sustained rise in PLDH is present in some homologously transplantable tumours, (b) the high PLDH activity of leukaemic mice is not necessarily associated with the presence of this agent, and (c) at least one tumour-producing virus (polyoma) and one leukaemogenic virus (Moloney) do not have a similar action.
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